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Objective, in particular a projection objective in micro- 
lithography^ 

The invention relates to an objective, in particular a pro- 
jection objective in* microlithography for producing semicon- 
ductor components, that is assembled from a number of indi- 
vidual housing structures, optical elements being arranged in 
each housing structure, and a number of optical axes being 
formed by the housing structures. 

Objectives of the type mentioned at the beginning are de- 
scribed, for example, in US 6,043,863 and US 6,195,213 Bl . A 
system for measuring a projection objective with reference 
surfaces is described in the older German P 101 36 388.5. 

As EP 1 168 028 A2 discloses a projection objective that is 
assembled from a number of individual housing structures hav- 
ing optical elements. The adaptation and/or assignment of the 
housing structures to one another is performed in this case 
by means of an auxiliary optical system through the focus. 
Use is made in this case of interferometers for adjusting 
distances and lengths, and of autocollimation telescopes for 
adjusting angles. 

For reasons . of space, but also because of specific optical 
elements such as, for example, deflecting mirrors and beam 
splitter elements, owing to folding of the optical beam path 
such objectives exhibit by contrast with a simple refractive 
objective a number of optical axes that sometimes run perpen- 
dicular, and sometimes parallel to one another. The individ- 
ual optical axes are formed in this case by various objective 
parts and/or housing structures. 
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There are problems in this case with adjusting the individual 
optical axes exactly to one another with the required high 
accuracy, in particular so that they run exactly parallel or 
perpendicular to one another. To be precise, such objectives 
frequently have no common objective housing, but are assem- 
bled from a number of individual housing structures. 

It is therefore the object of the present invention to pro- 
vide an objective of . the type mentioned at the beginning, it 
being possible for the individual housing structures to be 
adjusted exactly to one another with reference to their opti- 
cal axes, and the aim being for it also to be possible in 
case of need to readjust individual housing structures and/or 
optical subassemblies and individual optical elements. 

This object is achieved according to the invention by virtue 
of the fact that at least one first housing structure is pro- 
vided with seats on which one or more further housing struc- 
tures are adjusted and are connected to the first housing 
structure. 

According to the. invention, a housing structure of the objec- 
tive is selected that forms the core of the assembled objec- 
tive or serves as "central" housing structure about which the 
remaining housing structures are then grouped. Here, the 
"central" housing structure has the required seats, and so 
appropriately accurate adjusting and mounting can be per- 
formed, the adjusting and alignment of the remaining housing 
structures that are connected to the "central" housing struc- 
ture being oriented with reference to their optical axes to 
the seats and to the optical axis of the "central" housing 
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structure . 

The result of these measures is that the individual optical 
axes can be aligned very accurately with one another, read- 
justments also being possible in case of need. 

In an advantageous refinement of the invention, the seats can 
also serve simultaneously for adjusting optical subassemblies 
or individual components that are installed in the housing 
structure provided with seats, or are to be fitted thereon. 

For mounting reasons and also to facilitate the adjustment 
method, external surfaces on the first housing structure are 
generally provided as seats. 

According to the invention, it can be provided in this case, 
that provided as external surfaces is at least one first seat 
that runs at an angle of less than 30° , for example parallel, 
to a first optical axis. 

It can be provided in addition that two mutually parallel 
seats and seats parallel to a first optical axis are provided 
as further external surfaces, it being possible for the first 
seat to be arranged at least approximately perpendicular, or 
at an angle of greater than 60° to the mutually parallel 
seats . 

When the housing structure provided with the seats is also 
provided with one or more deflecting mirrors for deflecting 
the optical axis, it can be provided that a fourth seat is 
provided at an angle to the first seat and to the two mutu- 
ally parallel seats. The angle can in this case be at least 
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approximately 45° , as a result of which the optical axis is 
deflected by at least approximately 90°. 

In a very advantageous development of the invention, it can 
be provided that the second housing structure is provided 
with at least one seat on which one or more further optical 
elements arranged in substructures, or subassemblies of opti- 
cal elements are adjusted and connected to the second housing 
structure . 

It can be provided in this case, furthermore, that the second 
housing structure is provided with at least one further seat , 
by means of which the first housing structure is connected to. 
the second housing structure. This can be performed, for ex-,; 
ample, by respectively providing a seat of the first housing 
structure and of the second housing structure at the joint 
between the first housing structure and the second housing 
structure . 

Advantageous developments and refinements of the invention 
emerge from the following exemplary embodiment described in 
principle with the aid of the drawing, in which: 

Figure 1 shows an overall illustration of a projection ob- 
jective according to the invention, 

Figure 2 shows an illustration of the first "central" hous- 
ing structure with seats, 

Figure 3 shows an illustration of a second housing structure 
provided with seats, and 
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Figure 4 shows a diagram in principle of a further projec- 
tion objective of different design. 

The objective to be seen in figures 1 to 3 constitutes a pro- 
jection objective 1 in a projection exposure machine having 
an exposure system 2 that includes a laser as light source, 
for example with a light-emitting wavelength smaller than 3 60 
nm (not illustrated) and a reticle 3 that is arranged in the 
object plane and whose structure is depicted in greatly re- 
duced form on a wafer 3a that is arranged downstream of the 
projection objective 1 in the beam direction. 

The structure and mode of operation of the projection objec- 
tive 1 are generally known, for which reason no further de- 
tail will be given in the following text except to refer by 
way of example in this respect to US 6,043,863 and to US 
6,195,213 Bl. 

The objective 1 is formed from two individual housing struc- 
tures, more specifically a first "central" housing structure 
4 and a second housing structure 5. In addition, various op- 
tical subassemblies are integrated or fitted in the objective 
1. A central element here is a subassembly 6 having a mount 
for a beam splitter element 7 in the form of a cube. The beam 
splitter element 7 produces a number of individual optical 
axes that run in general perpendicular or parallel to one an- 
other. 

A precondition for an objective of very high imaging accuracy 
is that the individual optical axes be adjusted exactly rela- 
tive to one another, that they meet one another with suffi- 
cient accuracy and run accurately enough parallel or at an 
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exact angle, in general perpendicular to one another. This 
purpose is served by the first housing structure 4 with a 
number of seats for adjusting and centering the second hous- 
ing structure 5 and diverse optical subassemblies such as, 
for example, the subassembly 6 with the beam splitter element 
7. The first housing structure 4 is provided with a horizon- 
tally dipping optical subassembly 8 having a number of lenses 
9 and a lambda/4 plate 10, with a first fitted optical subas- 
sembly 11 having one or more lenses 12 and a lambda/4 plate 
13, and with a deflecting mirror 14. 

The objective has a first optical axis 15 that runs in a ver T 
tical direction in the exemplary embodiment, and a second op- - 
tical axis 16 that lies perpendicular to the first optical f : 
axis 15, runs in a horizontal direction and is caused by the 
beam splitter. element 7. The beam path formed by the laser in 
the illuminating system 2 and having the first optical axis 
15 is deflected at the beam splitter element 7 in a horizon--* 
tal direction with the optical axis 16. Use is made in this 
case of the polarization of the incident light and of the 
property of beam splitter cubes to transmit p-polarized light 
and to reflect s-polarized light at 90°. After passage 
through the subassembly 8 with the lenses 9 and the lambda/4 
plate 10, the beams are reflected at a concave mirror 17 
which is likewise integrated in the optical subassembly 8. 
The lambda/4 plate 10 lying in the beam path rotates the po- 
larization such that when it impinges again on the beam 
splitter element 7 the light beam can penetrate the latter. 
Subsequently, the beams are deflected from the horizontal di- 
rection at the deflecting mirror 14 into the vertical direc- 
tion with a third optical axis 18. The beams strike the wafer 
3a after passing through the second housing structure 5, in 
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which there is installed a further optical subassembly 19 
having a number of lenses 20 and a further lambda/4 plate 21. 

The first housing structure 4 has a first seat 22 on the 
left-hand side. The first seat 22 in the exemplary embodiment 
shown is exactly perpendicular to a flat underside of' the 
housing structure 4 with a second seat 23 and an upper third 
seat 24, running exactly parallel thereto, of the housing 
structure 4 . In order to obtain an appropriately high imaging 
accuracy of the objective 1, it must be ensured that the 
seats 23 and 24 run as parallel to one another as possible 
and that the seat 22 is exactly perpendicular thereto in the*, 
exemplary embodiment shown. 

The deflecting mirror 14 is seated on a further seat 25, 
which lies at an angle to the optical axis 16 that is 45° in * 
the exemplary embodiment. This angle must likewise be fabri-\ 
cated with very high accuracy. 

The second housing structure 5 has an upper bearing face for 
the first housing structure 4. For this reason, it is like- 
wise designed as a seat 2 6 that is constructed to be exactly 
parallel to a seat 27 in the second housing structure 5, and 
that serves as locating surface for the optical subassembly 
19. 

It is important for mounting the objective that the stringent 
requirements for the accuracy of the position of the optical 
axes are substantially transferred to the position of the 
seat of the core housing structure 4 so that in the course of 
the adjustment it is essentially only the optical subassem- 
blies that need be displaced in parallel along the seats of 
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the core housing structure 4 . 

Further details on an exemplary mode of procedure are de- 
scribed in the old German P 101 36 388.5, which therefore 
also forms the disclosure content for the application present 
here . 

The beam splitter element 7 is aligned via an input surface 
29 and an output surface 30, directed toward the seat 22, in 
such a way that the input surface 29 lies exactly parallel to 
the seat 22. The alignment of the position of the optical 
axis .18 in relation to the lateral seats 28a arid 28b, which 
are arranged on the second housing structure 5, takes place 
in cooperation with the seat 27, which is fabricated to be. 
exactly perpendicular to the seat 26, while the seat 28b is 
fabricated to be exactly perpendicular to the seat 28a and to 
the seat 26. 

Figure 4 describes the principle of a projection objective 1 
with seats corresponding to the seats according to figures 1 
to 3. For the sake of simplification, the same reference nu- 
merals were used for parts that are the same or act in the 
same way. The projection objective according to figure 4 is 
an objective in a so-called H-design, a first housing struc- 
ture 4 likewise being arranged downstream of the reticle 3 . 
Two further housing structures 5a and 5b are connected to the 
housing structure 4, the housing structure 5a forming the 
connection between the housing structures 4 and 5b, which are 
aligned parallel to one another. A first deflection of the 
input beam is performed at a concave mirror 31 at the lower 
end, averted from the reticle 3, of the housing structure 4. 
The beam path reflected by the concave mirror 31 is diverted 
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at a deflecting mirror 32 of the housing structure 4 into the 
housing structure 5a lying perpendicular thereto. A further 
deflecting mirror 33 in the housing structure 5b ensures that 
the beam path is deflected again by 90° and that the optical 
axis therefore once again runs parallel to the optical axis 
in the housing structure 4. 

In the case of the projection objective according to figure 
4, the housing structure 4 serves as central structure, and 
is correspondingly provided for this purpose with external 
seats 22, 23, 24 and 25, to which the housing structures 5a 
and 5b and, if appropriate, further optical components and 
subassemblies are aligned. 

It goes without saying that the configuration according to 
the invention can also be used in the case of other configu- 
rations of projection objectives such as, for example projec- 
tion objectives of Schwarzschild design in which mirrors for, 
chromatic correction are situated opposite one another, and 
the beam path runs through the central openings of the mir- 
rors . 

It is possible in a similar way for the invention also to be 
used with a design that is modified by comparison with the Pi- 
design projection objective 1 according to figure 4, the de- 
flecting mirrors being grouped together to form a prism. 

Of course, the invention is suitable not only for adapting 
and adjusting two optical axes, but also for adapting and ad- 
justing a number of optical axes. 

The sequence of the mounting and adjusting in relation to the 
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external surfaces is arbitrary and is governed by the respec- 
tive application. Thus, for example, it is possible to under- 
take serial mounting. Assembly in groups is also likewise 
possible . 



